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Abstract
The objective of this investigation of the design of a concrete core structural system is
to explain in a clear and logical manner the use of computerized preliminary design.
Adapted from a structural concept developed by Kajima Corporation, this
unconventional core system has the dual function of supporting floors that cantilever
from it as well as acting as shear walls for lateral stability. A few modest columns are
included in this design, however there are no beams. The computer aided process
presented in this thesis is a simple method for the linear static analysis of a concrete
building. This process provides the means to gain meaningful insight on a structural
scheme and its response to various loading. These results can be interpreted to
establish structural characteristics necessary for an initial cost estimate. Given this
understanding, a more thoroughly informed design can be developed with fewer
iterations. The ETABS building analysis software in conjunction with the SAP2000
finite element program is used to characterize the structural response of this system
and better demonstrate the method of computerized preliminary design as an
alternative to exhaustive traditional designs.
Thesis Supervisor: Jerome J. Connor
Title: Professor of Civil and Environmental Engineering
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Notations
Ag gross section area
Asc area of compression reinforcement
Av area of tension reinforcement
A, area of shear reinforcement
C factor for fundamental character of the building's dynamic response as
related to general dynamic nature of major recorded seismic events
5bx moment magnification factor for x direction
5sx moment magnification factor for moments causing sidesway in x
direction
9by moment magnification factor for y direction
5sy moment magnification factor for moments causing sidesway in y
direction
d distance from compression face to tension reinforcement
DL dead load on a structural element
E earthquake load on a structural element
Ec modulus of elasticity of concrete
(p strength reduction factor
fc ultimate strength of concrete
Fi, Fx, Fn lateral force applied to level i, n, or x respectively
F, the portion of the base shear, V, considered concentrated at the top of
the structure in addition to Fn
f, yield stress of reinforcing steel
fys yield stress of shear reinforcing steel
hi, hx, h, height above the base to level i, n, or x respectively
I building importance factor
L length of member
LL live load on a structural element
Mx moment in x direction
Muxb factored moment in major direction caused by gravity loads
Muxs factored moment in minor direction caused by gravity loads
My moment in y direction
Notations Continued
Muyb factored moment in major direction caused by lateral loads
Muys factored moment in minor direction caused by gravity loads
Pmax maximum axial load allowed
Po axial load capacity at zero eccentricity
Pu factored axial load
R, factor which accounts for considerations of building materials, type of
construction, and type of lateral bracing system.
S site coefficient for soil characteristics
t thickness of wall
U required strength to resist factored loads
V total design lateral force or shear at the base
V, nominal shear strength
V, column shear force from Pu
W building dead load used for seismic design
wl, wx the portion of W located or assigned to Level i, or x respectively
Z probability of risk factor according to seismic zone
Chapter One
Introduction
1.1 Motivation for Computerized Design
The complexity of concrete structures and fast-track projects makes a simplified
structural model desirable during the preliminary design process. Likewise, in the
preliminary design phase, working with the structure in all its complexity does not
prove to be efficient. Instead, a highly simplified conceptual model of the basic
structural system is sufficient. To be useful, the model should capture the essentials
of the structural behavior and indicate the way the structure channels the applied
loads into the foundations. Thus models and numerical results obtained from
computerized preliminary design are most useful in estimating the behavior of
structures. From this design, interpretations are made with consideration given to the
inevitable differences between i) the model and the real building, and ii) the assumed
loads and those that actually occur. This process includes:
* Creation of an idealized abstract model of the structure
* Computerized analysis
* Interpretation of the results for the real structure
The method presented in this paper was formulated to evaluate a structural
scheme of a concurrent project, the 1998 High Performance Structures Project.
Traditionally, this structural scheme is applied to high-rise housing structures. For the
project, its use was significantly different in that it was evaluated for use as a teaching
and research facility. Very high structural loads and demanding functional constraints
were applied, thus raising many structural integrity considerations. The proposed
method of evaluation provides a graphical and numerical representation of a design,
and provides preliminary information necessary to perform an initial cost analysis.
By increasing structural considerations and using an effective yet time
consuming design involving prestressed concrete, the time necessary to complete a
structural design of this core system also increases. If, after establishing structural
characteristics and an initial cost estimate, this design proves inadequate, valuable
time is lost and an iterative design must be initiated on a new structural scheme. A
computer aided process provides the means to gain meaningful insight on a structural
scheme and its response to various loading in little time. Given this understanding, a
more thoroughly informed design can be developed with fewer iterations.
1.2 Description of Case Study
The Massachusetts Institute of Technology (MIT) Civil and Environmental
Engineering (CEE) Department is dedicated to shaping the future of the civil
engineering profession. It has placed an emphasis on improving methods for
conceptualization, design, construction, and operation of both new and revitalized
buildings and infrastructure systems; environmental management and development;
and advances in information technology. These efforts are driven by the goals of
improving economic productivity, competitiveness, and the quality of life; placing
higher priority on compatibility between man-made and natural environments and the
synergy of the civil and environmental disciplines; and dramatically changing and
enhancing research and teaching facilities for such initiatives. Thus the CEE
Department proposed the development of a new facility for educating future leaders
of the civil and environmental engineering profession that exemplifies and provides
appropriate facilities for these changes in their engineering focus. The building will
also unify the current academic, research, and administrative activities. The
proposed location is the North Campus of MIT.
The leadership of the CEE Department is committed to ensuring that the
Department's visions are embodied and visible in the physical and operational
characteristics of this new facility. The High Performance Structures specialty
students of the CEE Department took on the project of identifying innovative
conceptual designs for such a facility. The interdisciplinary HPS team formed a
Systems Engineering, Smart Technologies, Geotechnical, and two Structures groups
to develop a showcase building of approximately 112,000 square feet of functionally
flexible space.
One of the Structures groups, Group A, planned to carefully evaluate four
structural schemes to find the scheme that would best fit the design requirements of
the CEE Department. These four schemes required a fast but rather comprehensive
evaluation so that efforts could be focused on designing the optimum scheme. Of the
four schemes: Scheme A- a steel hung structure, Scheme B- a traditional steel
structure, Scheme C- a traditional concrete structure, and Scheme D- a concrete
cores with cantilevered floors structure; Scheme D (Figure 1) was developed by the
computerized preliminary design method presented in this thesis.
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Figure 1: Structure of Scheme D
During the programming stage, laboratory functions and requirements,
equipment needs, and administrative and support needs were outlined and evaluated
to determine that approximately 110,000, square feet with a maximum height of 120,
feet at the time of initial occupancy was necessary. The flexibility to move
classrooms and laboratories and vertical floor clearance was critical. Keeping with
tradition, and also allowing for variances in equipment height, a 20-foot floor-to-floor
height was set. Massachusetts Institute of Technology theses and a consulting
geotechnical engineer with prior experience developing foundation and basement
schemes on MIT's campus were used for gathering information on the existing site
conditions.
1.3 Description of Structural Concept
Concrete is strong in compression, but weak in tension. Due to its low tensile
capacity, and to prevent flexural cracks, a concentric or eccentric force can be
imposed in the longitudinal direction of the structural element to reduce or prevent
such cracks. The post-tensioning technique pre-loads concrete in a manner that
eliminates, or significantly reduces tensile stresses that are induced by the dead and
live loads, thereby raising the bending, shear, and torsion capacities of the structural
element. In general, concrete having a cylinder compressive strength higher than
6000 psi is considered high strength. High strength concrete is the primary structural
material for this scheme. The concrete strength is specified at 9000 psi.
This design offers the advantages of a building structure free of column and
beam lines. This allows flexibility in the functionality of the building space. Another
functional advantage of this design is that by eliminating beams, usable floor-to-floor
heights significantly increase, and adding a floor without increasing the building
height becomes an option. Prestressing the concrete slab enables engineers to
effectively use the material properties of concrete, thus permitting the design of
structural elements that are strong, slender, and efficient. When utilized with high
strength concrete, the advantages of this scheme increase.
In design, prestressed concrete is more advantageous than reinforced
concrete for spans greater than 30 ft and loads greater than 100 psf as found in the
design considerations of this project. Tendons reduce moment and shear forces
transferred to columns and control deflection of the slab. This concrete scheme also
requires fewer and shallower sections thus reducing the building and foundation
volume and cost. Reduced building volume generates savings in the costs of
services and cladding. Additionally, by controlling prestress, building diaphragms can
be made rigid or flexible without influencing its strength (Khan et al, 1995).
During construction, prestressed concrete requires similar reinforcement and
framework as reinforced concrete. Strength of concrete is developed early, thus
freeing formwork for use elsewhere on the construction project. This advantage,
without beams and few columns, allow for possible overall construction time
reductions of about 30%. Likewise, though prestressed concrete requires less
concrete, compaction, curing, and finishing are identical to reinforced concrete.
About half the quantity of steel for reinforcement is needed, thus providing savings in
materials and storage. Also prestressed concrete can be cast covering large floor
areas in one operation with few construction joints. Tendons of prestressed concrete
run over several spans reducing hand assembly. While these advantages reduce
construction time, prestressed concrete also allows larger holes to be cut in slabs due
to the tendon spacing compared to reinforcement spacing (Nawy, 1996).
Throughout the life of the building, maintenance costs are reduced due to the
initial reduction in building volume. In particular, high strength concrete provides
greater stiffness and higher resistance to freezing and thawing effects (Nawy, 1996).
The slab is unlikely to have cracks, dissimilar to reinforced concrete construction,
which must crack before the reinforcement can be stressed to the design level. This
leads to improved water tightness, which is an important consideration in building
housing hydrology laboratories.
The whole of the post-tensioned concrete section is effective in flexure, so that
a post-tensioned floor will have less deflection than a reinforced concrete floor of the
same depth and subject to the same load. Post-tension keeps concrete in
compression which controls shrinkage and reduces the possibility of construction
joints opening up. Similarly, the magnitude, if any, of tensile stress that may develop
is small (Kahn et al, 1995). In the event of an earthquake, the capacity of prestressed
concrete to store energy is higher than that of reinforced concrete. Therefore less
structural damage should be exhibited in moderate earthquakes (Dowrick, 1987).
1.4.1 Description of Structural Concept
The building discussed here has a 400' x 80' footprint and provides
approximately 114,000 of usable square footage. The east end of the building is
covered by a tension fabric roof structure, and a flat roof covers the remaining
portion. The double fagade consists of an outer glass wall fagade and a brick fagade
on the perimeter of the inner 350' x 60' structure. There are five stories above grade
and one below. The basement and three stories above grade are 350' x 60' in
dimension. The top two stories and one penthouse are 250' x 60' in dimension. The
smaller penthouse, beneath the tension fabric roof, is 100' x 60' in dimension. The
floor-to-floor height is 20 feet for each story and basement, while the penthouses
have 10 foot high ceilings. This gives the building a maximum height of 110 feet
above grade.
1.4.2 Design Requirements
This building requires large open space that can be subdivided by partitions.
In this case, the vertical circulation and distribution of other services must be
gathered and contained in shafts, and then channeled horizontally at every floor level.
These cores also act as lateral stabilizers for the building, although they will weaken
from penetrations for door openings and holes. The total area of penetrations for
each wall is approximately 5-9%. For this case, these penetration locations have not
been specified, and thus are ignored in the computer model. They should, however,
be considered for final design or another preliminary analysis.
This concrete building is supported on ten 36-inch diameter reinforced
concrete columns and sixteen 10-inch shear/bearing reinforced concrete walls, 10 or
20-feet in length. The columns are spaced 100-feet and 60-feet on center in two
longitudinal rows with 60 feet of spacing between each row, while the walls are
arranged into four core systems with a maximum center-to-center spacing of 100 feet.
Both the columns and walls have an unbraced vertical length of 20 feet. The floors
are 14-inch deep post-tensioned slabs that are essentially cantilevered and designed
for a maximum span of 40 feet with an average prestressing force of 450 psi.
Each of the five stories above grade and the basement has a conceptual
design live service load of 200 psf. The roofs have a live service load of 40 psf, and
the penthouse floors are designed for a live service load of 100 psf.
1.4.3 Structural Characteristics
Primarily, this building is supported by its cores. Thus the cores act as
compression members, allowing the reinforced concrete load-carrying characteristics
to be optimized. Likewise, since most of the vertical and horizontal loads are carried
solely by the core, it should be weakened by only a minimum amount of penetrations
that are staggered so as to have the least effect. Although the bending stiffness is
not as high as it would be if more columns were also used along the perimeter, the
shear rigidity is much higher because of the concentration of all gravity loads. It is
also important to note that the entire building weight prestresses the core and tends
to keep it under compression, thus yielding a higher stiffness, since the concrete
section is not cracked due to the tension stresses (Schueller, 1990). Also important
to note, is that the walls must resist the moment induced by the cantilevered floors.
1.4.3.1 Elements
Floors/Slabs
Floors act as horizontal deep beams that transfer horizontal and vertical loads
to the walls. They are modeled as horizontal diaphragms that collect the lateral
forces and then distributing them to the vertical elements of lateral resistance, the
shear walls. In particular, for this case study, the diaphragm collects the lateral
earthquake loads that result partly from the weight of the slab itself and partly from
the weight of other parts of the building attached to it.
Walls
The walls of this structure act as cantilever beams fixed at their base to carry
loads down to the foundation. They are subjected to variable shear, which maximizes
at the base; a bending moment, which tends to cause vertical tension near the loaded
edge and compression at the far edge; a vertical compression due to ordinary gravity
loading from the structure; and moments induced by the cantilevered floors (Schuller,
1990). These shear walls, or vertical diaphragms, must also resist horizontal sliding
as a result of there transferring an overturning moment to the base of the wall
(Ambrose, 1994).
Both the wall and floor diaphragms are designed to act similar to webbed steel
beams; whereas the web (floor deck or wall) is designed for shear, and the flange
(edge framing elements) are designed to take moments (Ambrose, 1994).
1.4.3.2 Material
The material properties specified in this case study are listed below in Table 1.
Material Property Magnitude
fc 9.0 ksi
Ec 4795 ksi
f80 ksi
fys 60 ksi
Table 1: Specified Material Properties
With shear stress in the diaphragms, both diagonal tension and diagonal
compression are induced simultaneously with the shear stress in the mentioned walls
and floors (Ambrose, 1994). In concrete, diagonal tension is a critical design issue as
concrete is weak in tension. This is usually constrained by slenderness limits of
pouring and forming; however it is mentioned here due to its impact on the structural
integrity of the building studied.
1.5 Discussion of Computerization
The purpose of this thesis is to demonstrate, through the use of a case study,
the application of a computerized preliminary design process of an engineering
design problem. Often times, the overall problem to be analyzed is complex, similar
to the presented case study. Rather than spending much time and effort in design, it
is often more advantageous to establish preliminary system response characteristics.
Provided that the approximate response characteristics are acceptable, a detailed
design and cost analysis can be performed. This process is shown in Figure 2.
Define model
FComputer analysis
Repeat Until Ok
Check results
with post-
processor
Cost Estimate
SPrepare design
Figure 2: Preliminary Design Process
For the purpose of this case study, a high degree of accuracy was not as
important as the development of an understanding of the overall system response.
Based on the assumptions outlined within this thesis, ETABS and SAP2000 computer
models were constructed to evaluate structural overstress and represent the system's
static response and the frequencies of the lowest five modes. Thus enough
information is provided to make a decision on design capabilities and perform an
initial cost estimate.
Chapter Two
Use of ETABS
ETABS is an efficient computer program designed specifically for analyzing
buildings linearly, nonlinearly, statically, and dynamically. For the purpose of this
case study, the linear and static analysis capabilities of ETABS were utilized.
In ETABS the building is idealized as an assemblage of columns, beams, and
wall elements that are interconnected by floor slabs idealized as horizontal
diaphragms (Figure 3). The basic geometry of the building is defined by a simple
three-dimensional grid system formed by the intersecting floor planes and columns.
Whether the building is symmetrical or unsymmetrical in plan, torsional behavior of
the floors and three-dimensional displacement is captured.
A special panel element is available for modeling three-dimensional shear wall
configurations, discontinuous shear walls and shear walls with arbitrary openings.
This panel is based upon an isoparametric finite element membrane formulation with
in-plane rotational stiffness defined. Torsional and warping effects are accurately
captured. The panel finite element internal forces are integrated into forces and
moments that produce complete equilibrium with the applied forces.
The columns and beams may be nonprismatic and the effect of the finite
dimensions of these elements on the stiffness of the frame is automatically
incorporated into the final analysis. Beams may have uniform, partial uniform, or
trapezoidal load patterns. The columns, beam, and panel element formulation
include the effects of bending, axial, and shear deformations and all elements are
intercompatible with each other.
ndeformedShape NE
Figure 3: Structure Modeled in ETABS
The P-delta effect is included in the formulation of the stiffness matrix of the
structure. P-delta effect is the secondary effect on shears, axial forces and moments
of frame members induced by vertical loads acting on the laterally displaced building
frame. When lateral loads are applied, the mass of the building will shift and increase
the tendency toward overturning. The resulting large deflection multiplied by the
vertical load causes the P delta effect, where the eccentric gravity loads results in
secondary moments due to first order displacements. The geometric correction of
considering this effect in the stiffness matrix causes equilibrium to be satisfied in the
deformed position.
2.1 Model Development
In the computer design, the floor was modeled as a rigid horizontal plane (or
diaphragm) that has infinite in-plane stiffness (in the X-Y plane) and no out-of-plane
stiffness. The lateral seismic loads were applied to the structure according to the
Uniform Building Code using parameters that characterize the project site. Member
forces of the column are output at the support faces.
Second-order overturning moments (or P-Delta effect) are incorporated into
the structural stiffness matrix. The additional displacements and overturning moments
due to the effects of the P-Delta corrections are automatically displayed in the
analysis so that the three-dimensional overturning equilibrium in the final deformed
configuration is satisfied for the entire building. Lengthening of the structural time
periods due to P-Delta and changes in the corresponding mode shapes that finally
affect the dynamic displacements and member forces of the structure are also
accounted for.
The column element formulation includes the effects of axial, shear, bending,
and torsional deformations. The shear walls are based upon an isoparametric finite
element membrane formulation with incompatible modes so that the geometry and
displacements are described in terms of the same parameters and are of the same
order. Columns were given continuous connections to the slabs to reduce slab
deformation and stress thus improving the simulation of structural performance of a
post-tensioned slab.
ETABS performed the diagnostic check on design overstress and failure
conditions of the columns and walls. The ETABS program CONKER calculated the
longitudinal steel for columns after generating load- biaxial moment interaction
surfaces for the column sections of the model. It also checks the capacity of each
column for the factored axial force and biaxial (or uniaxial) bending moments
obtained from each loading condition and designed the column shear reinforcing.
Similarly, the ETABS program WALLER designed planar portions of the wall for
overturning moments and shear forces (ETABS, 1997).
The outer structure and glass fagade and basement were not included in this
computer design, and the effect of wind load was also not evaluated because the
outer structure will carry the wind load. Although also not modeled, the non-structural
elements such as exterior cladding and internal walls add considerable stiffness and
strength to the primary structural system by providing secondary load paths.
2.1.1 Uniform Building Code
The Uniform Building Code (UBC), published by the International Conference
of Building Officials (ICBO), is a widely adopted building code in the United States
and is used in this preliminary design. The three volume set of the UBC provides
performance based building-related regulations that are very similar to ACI318-89
(revised in 92). Volume 1 contains administrative, fire and life safety, and field
inspection provisions; Volume 2 contains structural engineering provisions; and
Volume 3 contains material, testing, and installation standards (ICBO, 1994). For this
case study, Volume 2 is referenced.
From Volume 2, the equation of load combinations for the required strength of
the structure is given as
U = 1.4DL + 1.7LL
When earthquake load is included, the greater of the following is used:
U = 1.4(DL + LL + E)
U = 0.9DL + 1.4E
The earthquake considerations in the design of this structure are influenced by
the probability of earthquakes in the zone that the structure is located. This is
reflected in the Z factor in the UBC which varies from .075 to .4 (Ambrose, 1994).
The Z factor is one of five variables in the design of the total lateral force at the base
of the structure. This force, determined as a percentage of the building weight,
reflects aspects such as dynamic response of the building, building/site interaction,
relative importance of the building safety, and potential risk when expressed as an
equivalent static force. The formula for base shear is
V = [ZICI/R ]W
This total lateral force is distributed over the height of the building in conformance
with
V=F, +_F,
t=1
and is applied to the center of mass of each story diaphragm. The equivalent static
earthquake load is distributed as an inverted triangle over the height of the building.
This method, along with determining overturning and story forces is further detailed in
the 1994 Uniform Building Code reference.
2.1.2 Load Combinations
The design load combinations define the various factored combinations of
loads for which the building structure is to be checked. The load combinations,
termed load conditions, applied to this model are listed in Table 2.
2.1.3 Assumptions
The tension fabric roof structure is modeled as a flat roof for simplicity.
A joint between the tall and short portions of the building does not exist.
Rigid diaphragm action of the floor slabs.
Buildina behavior is linear.
Load Condition Loads Included
Load Case 1 DL, LL
Load Case 2 DL, LL, E (in x direction)
Vertical I DL
Vertical II LL
Lateral A E (in x direction)
Lateral B E (in y direction)
Table 2: Load Combinations
2.2 Post-Processors
Post-processors are programs that take the results of a structural analysis and
manipulate them for easier interpretation for the engineer. For example, CONKER
check the column elements specified in ETABS against relevant building codes.
Applied stresses and moments are collected from ETABS and check against the
requirements of codes such as AC1318 or UBC94 criteria such as overstress and the
P delta effect.
2.3.1 CONKER
CONKER is a post processor that designs concrete for the three-dimensional
static analysis performed by ETABS. In the design of columns, the program
calculates the required longitudinal steel and generates three-dimensional interaction
surfaces to check column capacity. The algorithms used are based upon the UBC94,
which is very similar to the ACI318-89 code.
CONKER is the concrete design post-processor for the three dimensional
static and dynamic analysis program ETABS. Input is nominal, and if the defaults are
utilized no input is required. Detailing, minimum thickness, aspect ratios of sections,
minimum reinforcement, confinement, development lengths, torsion design, etc. are
not addressed.
2.3.1.1 Column Design
In the design of columns, the longitudinal steel is calculated, as it is not
specified in this case. If specified, the column stress condition is reported in a ratio
with respect to the column capacity. The biaxial column check is based upon
generation of three dimensional interaction surfaces and does not use any empirical
formulations (ETABS, 1997).
Most compression members in concrete structures are subjected to moments
in addition to axial loads. With derived equations for these conditions being
cumbersome to use, interaction diagrams for columns are generally computed by
assuming a series of strain distributions. Each corresponds to a particular point on
the interaction diagram, and the corresponding values of axial load and moment
values are computed.
The design procedure used involves three steps:
1. Generation of the load-biaxial moment interaction surfaces for 1-8% allowable
reinforcement for the column section obtained from ETABS based upon the
ultimate strength design.
2. Check the capacity of each column for the factored axial force and biaxial
moments obtained from each loading combinations.
3. Design the column reinforcement.
The algorithms associated with the above mentioned steps are summarized in Table
2 and described in detail in the ETABS Building Design Manual.
Design Step Algorithm
1 Pmax = .85Po
2 P =
Mx =hbxMuxb + 6xMUxs
M , = d hMub + 6 M,+ ,
3 V ,
-V c
f ,d
Table 3: CONKER Algorithms
2.3.2 WALLER
WALLER is a concrete design post processor for ETABS. Live load
reductions are considered as allowed by the UBC. Detailing, minimum thickness,
minimum reinforcement, out-of-plane bending are not addressed by this program.
2.3.2.1 Shear Wall Design
Although in-plane and out-of-plane stress may occur, the WALLER program
only designs planar portions of the wall for in-plane moment and shear forces. The
walls are designed for overturning moments and shear forces. The program will
develop the trim steel required by the wall based upon the axial forces and
overturning moments.
The WALLER shear wall design algorithms allow for the design of symmetric
sections. This design process involves:
1. checking and designing for overturning moments and axial loads;
2. and designing for shear.
The algorithms associated with the above mentioned steps are summarized in Table
3 and described in detail in the ETABS Building Design Manual.
Design Step Algorithm
1 P
S-0.85f' Ag0.80p
f, - 0.85f'c
2 V=L 2 f A• + f Lt
Table 4: WALLER Algorithms
Table 4: WALLER Algorithms
Chapter Three
Use of SAP2000
SAP2000 is a general analysis computer program that was used because of
its capability to produce an approximate analysis on a sub-assemblage of the
structural system, namely the slab.
In this analysis approach, of interest are the free vibrations of the slab system;
the natural modes. Figures 4 and 7 represent the undeformed shape and
configuration of the lowest calculated mode, the fundamental frequency. Two higher
modes of the slab are graphically presented in Appendix D.
. - - -
Figure 4: Undeformed Shape of Slab
3.1 Model Development
Frame Elements
The frame element used by SAP2000 is a general, three-dimensional, beam
column formulation that includes the effects of biaxial bending, torsion, axial
deformation, and biaxial shear deformations. Frame elements are modeled as a
straight line connecting two joints. Each element has a local coordinate system for
defining section properties and loads and interpreting output.
Beam
The slab in this case is modeled as a series of beams. Each beam represents
a portion of the tributary width of the slab and contains one prestressing cable. A
straight line connecting two joints represents each beam. Each of these joints has a
diaphragm constraint or is fixed. All beams are concrete, with a strength of 9000 psi,
a depth of 14", and a width of 12". Since SAP2000 is a general purpose analysis
program, all beams are represented as frame elements with beam section properties.
Prestressing Load
In each beam element, the prestressing cable is modeled by SAP2000 to be
constant along the length parabolic in drape. The cable does not change with
element deformation but it does display the same transverse deflection as its frame
element. The prestressing cable imposes a load on the element that is proportional
to the curvature of the cable and cable tension.
Diaphragm Constraint
The diaphragm constraint causes all included joints to move together as a
planar diaphragm that is rigid against membrane deformation. This effective
constraint connects the joints by links that are rigid in the plane while out-of-plane
plate deformation is not affected. The diaphragm constraint is used to model
concrete floors for building structures and eliminates the numerical accuracy
problems that may develop from the large in-plane stiffness of a floor diaphragm that
is modeled with membrane elements.
3.2.1 Load Combinations
The design load combinations define the various factored combinations of
loads for which the building structure is to be checked. The load combination applied
to this model is DCON1 and includes dead and live loads.
3.1.2 Assumptions
The assumptions of this model are listed below:
1. Concrete behaves linearly and elastically.
2. Floor slabs act as horizontally rigid diaphragms.
3. The effect of non-structural components are neglected.
4. The out-of-plane action of shear walls is considered.
Chapter Four
Structural Evaluation
Preliminarily, in each analysis performed, the material was assumed to
behave linearly. These analyses included results of the force and displacement
relationships for the whole structure. From these results, the stiffness and strength of
the structure can be determined. Two directions of horizontal loading and several
vertical distributions of loading can easily be checked. Based on the information
obtained, the critical parts of the structure can be identified, and practical issues
concerning the design can be addressed without performing a complex design
analysis.
4.1 Performance
ETABS Output
ETABS was used to perform the preliminary analysis for this case study as it
is a computer program designed specifically for the design and analysis of buildings.
Several output files are created during different phases of the analysis. The file
created which is an echo of the input data is included in Appendix A. It includes
information such as diaphragm mass data, section properties, wall areas and
centroids, summations of frame vertical and horizontal loads, element weights,
element masses by levels, and calculated code based equivalent static seismic loads
by level. Files are also created from information from the eigenvalue solution of the
building, calculated code based loads and center of mass and rigidity, story
displacements and shears, frame displacements, and member forces.
Along with graphical (Appendix B) and analytical output produced by ETABS,
CONKER produces output containing the required longitudinal reinforcement at the
top and bottom of the column with associated load combination numbers and the
critical axial force and biaxial moments. The required shear reinforcement is also
calculated and overstress and failure conditions are tabulated. Checks such as
concrete compression failure and percentage of steel in the column are made.
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Figure 5: Structure with Applied Load Case 1
Similar to CONKER, WALLER produces output containing the required
tension and compression trim reinforcing for the top and bottom of the wall and the
associated edge distance from the ends of the wall. Also, for every wall, the required
shear reinforcing and the controlling shear force and shear stress, along with the
controlling load combination number, are tabulated.
Figure 5 was generated to understand overall structural deformation due to
applied loads. Figure 6 represents the lowest mode shape. The stress results of the
initial stress analysis are presented graphically in Appendix B.
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Figure 6: Fundamental Mode Shape of Structure
SAP2000 Output
As stated earlier, estimates of the expected behavior can be made if the
natural periods of vibration are calculated (Figure 7). Thus, a frequency analysis was
performed and three output text files were produced. The three files: an input echo
file (Appendix C), an analysis log file, and a results output file, provide a tabulation of
the input data, analysis statistics, displacements, forces, stresses, and other results.
The SAP2000 graphical user interface displays selected mode shapes, deformed
shapes and stress results of the model (Appendix D).
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Figure 7: Fundamental Mode Shape of Slab
Software Live* Seismic** Max AY Max AX Max AZ Max M Max V Pu Reinf.***
ksi kip inch inch inch kip-in kip kip
Slab SAP2000 4.86E-04 0 0 -2.3 1664 8 .5 tendon
Slab ETABS 4.86E-04 878 1.5 0.61
Column ETABS 0 1.22 -0.31 3082 7 1408 10.18
Wall ETABS 0 1.22 -0.22 1081 1.9
*This columns is listed due to the necessary reduction in the conceptual design load
This number does not include Code design combinations, which is included during analysis
**This the maximum value applied (applied at the roof)
***Area of steel per square foot given for wall (resist overturning and axial affects),
longitudinal steel area given for column, size of tendon used for slab given
Note:
Wall maximum overturning moment and Pu calculated from tension and compression force of
2232 kip and 3399 kip. Tensile steel of 41.3 in2 and compression steel of 15.5 in2 given.
Both the forces and steel are found for the top and bottom of the left and right side of the wall each.
Table 5: Summary of Input and Output
From the results (Table 5), force and displacement relationships can be
developed and the stiffness and strength of the structure can be estimated. Several
directions of horizontal loading, vertical distributions of horizontal loading, rebar
strengths, vertical loading variations, concrete sections, and concrete strengths can
easily be evaluated for their influence on structural performance of the core system.
Optimum column placement can also be refined without performing a complex
analysis. In practice, the analysis would preclude experimentation with alternative
solutions, especially if the structural configuration of the system changes between
alternatives. This method also provides insight on which elements should be stiffened
or strengthened.
The core system evaluated here clearly demonstrates unfavorable structural
characteristics. However this information is useful as it can aid in identifying critical
parts of the structure and give insight for structural optimization.
4.2 Cost
Using Means Building Construction Cost Data, 36-inch diameter columns 20
feet in length; post-tensioned slabs with an average prestressing strength of 450 psi
and 14 inches in depth; and 10-inch walls were used for the cost analysis (Table 6)
as they presented the best structural performance for this preliminary design.
Though 15-inch walls increase the volume, they were also considered as they do not
significantly increase the cost
ITEM QUANTITY UNIT TOTAL INCL
O&P
CAST-IN-PLACE CONCRETE
Concrete In Place, including forms,
Reinforcing steel, finishing
Columns, round, tied 36" diameter 267.03 C.Y. 140,190.75
Walls, 10" thick, direct chute 981.59 C.Y. 197,564.62
Post-tensioned in place, large job 5,859.08 C.Y. 3,310,380.20
TOTAL: 3,648,135.57
Table 6: Cost Estimate
Based upon these results, the ETABS and SAP2000 analyses made evident
these design considerations:
1. Although deflection can be controlled and reduced with additional columns and
altering the concrete strength and prestressing capacity, a reduction in the design
live load will most likely reduce the slab deflection to the limit of L/360.
2. To prevent failure of the slab, prestressing limits must be closely monitored for
such long cantilevers and high loads.
3. Floor vibrations induce by humans, especially rhythmic, are within the range of 2-
6 Hz. The first three natural modes of the slab have frequencies within this range.
According to ANSI/ASCE 7-93, this may be intolerable to occupants (ASCE,
1994).
4. The few structural paths offered by the shear/bearing walls to carry loads to the
foundation provide little redundancy. This may become detrimental to the
structural integrity of the building in the event of an earthquake.
5. Although initially high, the cost associated with this scheme is reduced by low
maintenance and a reduction in construction time.
Chapter Five
Conclusion
Engineers have to treat a challenging scheme as an architect would treat a
challenging design. An optimum design is more likely to be approved by the client. It
is the responsibility of the engineer to ask enough questions to determine if a design
is worthy of endorsement. The data, design, explanations and documentation
gathered and assembled present a basis for determining whether the design
presented displays high technical merit and is cost effective.
Computerized preliminary design allows alternative structural systems to be
considered and compared and presents trial member sizes without the need for many
preliminary hand iterations. The proposed method of preliminary design is a simple
analytical method for determining the characteristics of linear elastic structural
behavior under static loading. It was based on several simplified assumptions, and
does not pretend to be accurate. Nonetheless, it can provide fair estimates of several
parameters that would usually be predicted after several design iterations. Likewise,
this procedure makes evident structural deficiencies that may have otherwise gone
unnoticed until the design was completed and analysis began.
A computerized evaluative approach allows the engineer to see the
consequences of decisions almost immediately. It permits the investigation of more
alternatives and encourages experimentation, which might otherwise be limited by
cost time. From this approach, the engineer can easily compare the effects of various
design considerations on the integrity of the structure and gain an understanding of
building performance and characteristics as a whole in a matter of hours. The effort
needed in data preparation, computation and interpretation of results is much smaller
than in the case of more accurate and sophisticated methods. Due to its ability to
answer several issues concerning the structural performance, the proposed
procedure could be appropriate for other preliminary analyses.
5.1 Recommendations
It should be emphasized that the approach to structural modeling presented
here is developed to assess the overall structural system and is not intended for
detailed analysis. If determined to be the optimum scheme, the finalized design
would come later. This is not to imply that the computer will do the complete design.
Instead the computer will assist the engineer by making it possible to alter designs
through the modification of a single database in place of rewriting calculations and
altering drawings.
Although the proposed preliminary design method is capable of estimating
several important characteristics of a structure, the results are not to be totally relied
upon. Instead they should be used for understanding structural behavior of a system
and what problems can be alleviated or planned for, prior to a detailed design.
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Appendix A: ETABS Input
ETAB S
Extended Three Dimensional Analysis of Building Systems
NONLINEAR Version 6.21
Copyright (C) 1983-1997
COMPUTERS AND STRUCTURES, INC.
All rights reserved
results produced by this program
1 Apr 1998 03:28:42
PROGRAM:ETABS/FILE:\casandra\Core.EKO
HEADING DATA 1
HEADING DATA 2
JOB CONTROL INFORMATION
NUMBER OF STORIES-------------------------------- 7
NUMBER OF FLOOR DIAPHRAGMS ON EACH LEVEL----- 8
NUMBER OF DIFFERENT FRAMES------------------- 1
NUMBER OF TOTAL FRAMES------------------------- 1
NUMBER OF MASS TYPES---------------------------- 3
NUMBER OF LOAD CASES---------------------------- 2
NUMBER OF STRUCTURAL PERIODS----------------- 5
NUMBER OF MATERIAL PROPERTIES----------------- 2
NUMBER OF PROPERTIES FOR COLUMNS - ---------- 1
NUMBER OF PROPERTIES FOR BEAMS--------------- O0
NUMBER OF PROPERTIES FOR FLOORS-------------- 2
NUMBER OF PROPERTIES FOR BRACES-------------- O0
NUMBER OF PROPERTIES FOR PANELS-------------- 1
NUMBER OF PROPERTIES FOR SUPPORTS/LINKS------ O0
CODE FOR STATIC LATERAL ANALYSIS-------------- 11
CODE FOR DYNAMIC LATERAL ANALYSIS------------ 1
CODE FOR STRUCTURE TYPE---------------------- 0
CODE FOR P-DELTA ANALYSIS ------------------- 1
CODE FOR FRAME JOINT STIFFNESS MODIFICATION-- 4
CODE FOR FRAME SELF WEIGHT LOAD CONDITION---- 1
CODE FOR TYPE OF UNITS----------------------- 1
GRAVITATIONAL ACCELERATION----------------- 0.3864E+03
EIGEN CONVERGENCE TOLERANCE---------------- 0.1000E-03
EIGEN CUTOFF TIME PERIOD-------------------- 0.0000E+00
P-DELTA FACTOR----------------------------- 0.1000E+01
STORY MASS TYPE NUMBER----------------------
NUMBER OF MASS SEGMENTS-------------------
MASS SCALE FACTOR--------------------------- 0.100E+01
SEGMENT
MASS
2.700E-06
(Xl)
0.00
YC
(Y1)
BB
(X2)
DD ANGLE
(Y2)
0.00 720.00 4200.00
CALCULATED DIAPHRAGM MASS PROPERTIES
DIAPHRAGM MASS-------------------------------
MASS MOMENT OF INERTIA-----------------------
X-ORDINATE OF CENTER OF MASS---------------
Y-ORDINATE OF CENTER OF MASS-----------------
STORY MASS TYPE NUMBER-----------------------
NUMBER OF MASS SEGMENTS---------------------
MASS SCALE FACTOR---------------------------
8.16
0.124E+08
0.00
0.00
2
1
0.100E+01
SEGMENT
TYPE
RADIUS
SEGMENT
MASS
(Xl)
2.700E-06 -600.00
YC
(Y1)
BB
(X2)
DD ANGLE
0.00 720.00 3000.00
CALCULATED DIAPHRAGM MASS PROPERTIES
DIAPHRAGM MASS------------------------------
MASS MOMENT OF INERTIA-----------------------
X-ORDINATE OF CENTER OF MASS-----------------
Y-ORDINATE OF CENTER OF MASS---------------
5.83
0.463E+07
-600.00
0.00
mit
PAGE
PROGRAM:ETABS/FILE:\casandra\Core.EKO
HEADING DATA 1
HEADING DATA 2
STORY MASS TYPE NUMBER------------------------ 3
NUMBER OF MASS SEGMENTS-- --------------------- 1
MASS SCALE FACTOR--------------------------- 0.100E+01
SEGMENT SEGMENT
TYPE MASS XC YC BB
RADIUS
DD ANGLE
SEGMENT
TYPE
RADIUS
(Y3)
RECT
(X3)
0.00
(Y3)
RECT
(Y2) (X3)
0.00
(Xl)
2.700E-06 1500.00
(Y1) (X2) (Y2)
0.00 720.00 1200.00
CALCULATED DIAPHRAGM MASS PROPERTIES
DIAPHRAGM MASS-------------------------------
MASS MOMENT OF INERTIA----------------------
X-ORDINATE OF CENTER OF MASS-----------------
Y-ORDINATE OF CENTER OF MASS-----------------
2.33
0.381E+06
1500.00
0.00
STRUCTURAL STORY DATA .
STORY
HEIGHT
120.00
240.00
120.00
120.00
240.00
240.00
240.00
NUMBER OF
DIAPHRAGMS
1
1
1
1
1
1
1
DIAPHRAGM MASS DATA
STORY
DIAPHRAGM
LEVEL
Y-M
ROOF
DIAPHRAGM
NUMBER
1
MASS DIAPHRAGM
TYPE
2
0.000
STORYP
0.000
STORY4
0.000
STORY3.5
0.000
STORY3
0.000
STORY2
0.000
STORY1
DIAPHRAGM
MASS MMI
5.832 0.4626E+07
5.832 0.4626E+07
5.832 0.4626E+07
2.333 0.3807E+06
8.165 0.1235E+08
8.165 0.1235E+08
8.165 0.1235E+08
0.000
(Y3)
RECT
(X3)
0.00
STORY
LEVEL
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
DIAPHRAGM
X-M
-600.000
-600.000
-600.000
1500.000
0.000
0.000
0.000
DIAPHRAGM EXTERNAL STIFFNESS DATA
DIAPHRAGM DIAPHRAGM
NUMBER K-X
1 0.0000E+00
2 0.0000E+00
3 0.0000E+00
4 0.0000E+00
5 0.0000E+00
6 0.0000E+00
8 0.0000E+00
DIAPHRAGM
K-Y
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
DIAPHRAGM
K-R
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
MATERIAL PROPERTIES
ID TYPE ELASTIC POISSONS
MODULUS
1 W 0.4795E+04
2 C 0.4795E+04
RATIO
UNIT
WEIGHT
UNIT COEFF OF
MASS EXPANSION
0.2000 0.8680E-04 0.2246E-06 0.5500E-05
0.2000 0.8680E-04 0.2246E-06 0.5500E-05
MATERIAL PROPERTIES FOR DESIGN
ID TYPE
FBMIN
1 W 0.600E+02 0.900E+01
2 C 0.600E+02 0.900E+01
SECTION PROPERTIES FOR COLUMNS
MATSECTION
ID TYPE
1 CIRCLE
FYS FCS
0.400E+02 0.900E+01
0.400E+02 0.900E+01
MAJOR
DIM
MINOR FLANGE
DIM THICK
2 36.000 36.000 0.000
SECTION PROPERTY REDUCTION FACTORS FOR COLUMNS
TORSION
1.000
MAJOR
1.000
MINOR
I
1.000
ANALYSIS SECTION PROPERTIES FOR COLUMNS
AXIAL MAJOR MINOR TORSION
MINOR
STORY
LEVEL
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
FBMAJ
WEB
THICK
0.000
MAJOR
904.779 0.1649E+06 0.8245E+05
0.8245E+05
SECTION PROPERTIES FOR FLOORS
ELEMENT
ID TYPE
1 MEMB
2 MEMB
MAT
ID
2
2
FLOOR
TIl
14.000
14.000
SECTION PROPERTIES FOR
FLOOR
T22
14.000
14.000
FLOOR
T12
14.000
14.000
PANELS
ELEMENT MAT
PANEL PANEL
ID TYPE ID
BJ DJ
1 MEMB 1
10.00 10.00
PANEL PANEL PANEL PANEL PANEL
TV
10.000
TH TSHR BI DI
10.000 10.000 10.00 10.00
FRAME CONTROL INFORMATION
FRAME ID NUMBER----------------------------
NUMBER OF COLUMN LINES----------------------
NUMBER OF BEAM BAYS------------------------
NUMBER OF FLOOR BAYS-----------------------
NUMBER OF JOINT LOAD PATTERNS---------------
NUMBER OF BEAM SPAN LOAD PATTERNS---------
NUMBER OF FLOOR SURFACE LOAD PATTERNS-------
CODE FOR JOINT DATA-------------------------
MAXIMUM NUMBER OF BRACE ELEMENTS------------
MAXIMUM NUMBER OF PANEL ELEMENTS----------
MAXIMUM NUMBER OF LINK ELEMENTS------------
MAXIMUM NUMBER OF LOADS PER BEAM SPAN-------
COLUMN LINE COORDINATES AND ORIENTATIONS
COLUMN
1
2
3
4
5
X-ORD
-2100.000
-2100.000
-900.000
-900.000
-300.000
Y-ORD
360.000
-360.000
-360.000
360.000
-360.000
1
26
45
20
0
2
3
1
0
100
0
4
ANGLE
0.00000
0.00000
0.00000
0.00000
0.00000
904.7791 1017.876
6 -300.000 360.000 0.00000
7 900.000 -360.000 0.00000
8 900.000 360.000 0.00000
9 2100.000 360.000 0.00000
10 2100.000 -360.000 0.00000
11 -1620.000 120.000 0.00000
12 -1380.000 120.000 0.00000
13 -1620.000 -120.000 0.00000
14 -1380.000 -120.000 0.00000
15 -660.000 120.000 0.00000
16 -540.000 120.000 0.00000
17 -660.000 -120.000 0.00000
18 -540.000 -120.000 0.00000
19 180.000 120.000 0.00000
20 420.000 120.000 0.00000
21 180.000 -120.000 0.00000
22 420.000 -120.000 0.00000
23 1380.000 120.000 0.00000
24 1620.000 120.000 0.00000
25 1380.000 -120.000 0.00000
COLUMN LINE COORDINATES AND ORIENTATIONS
COLUMN X-ORD Y-ORD ANGLE
26 1620.000 -120.000 0.00000
BEAM BAY CONNECTIVITY DATA
BAY I-COLUMN J-COLUMN I-END DROP BAY
LENGTH
1 1 11 0
536.656
2 1 4 0
1200.000
3 4 12 0
536.656
4 12 11 0
240.000
5 11 13 0
240.000
6 13 14 0
240.000
7 14 12 0
240.000
8 14 3 0
536.656
9 3 4 0
720.000
10 4 15 0
339.411
11 15 17 0
240.000
12 17 18 0
120.000
13 18 16 O
240.000
14 16 15 0
120.000
15 4 6 0
600.000
16 6 16 0
339.411
17 18 5 0
339.411
18 5 3 0
600.000
19 3 17 0
339.411
20 3 2 0
1200.000
21 2 13 0
536.656
22 1 2 0
720.000
23 5 7 0
1200.000
24 7 8 O
720.000
25 8 9 0
1200.000
26 9 10 0
720.000
27 10 7 0
1200.000
28 7 25 0
536.656
29 25 23 0
240.000
30 23 8 0
536.656
31 8 20 0
536.656
32 20 19 0
240.000
33 19 6 0
536.656
34 6 8 O
1200.000
35 19 21 0
240.000
36 21 22 0
240.000
37 22 20 0
240.000
38 22 7 0
536.656
536.656
720.000
536.656
536.656
240.000
240.000
BEAM BAY CONNECTIVITY DATA
BAY I-COLUMN
LENGTH
240.000
FLOC
PROJ
1.728
8.640
1.728
1.728
)R BAY CONNECTIVITY DATA
FLOOR I-COL J-COL K-COL
AREA
1 2 13 3
0E+05
2 3 17 5
0E+04
3 5 21 7
0E+05
4 7 25 10
0E+05
5 10 26 9
J-COLUMN
25
L-COL
14
18
22
26
24
I-END DROP
0
IJ-DROP
0
0
0
0
0
2.3040E+05
6
2.3040E+05
7
1.7280E+05
8
2.3040E+05
9
1. 1520E+05
10
8.6400E+04
11
1.1520E+05
12
2.3040E+05
13
1.7280E+05
14
2.3040E+05
BAY
NSF
0
0
0
0
0
NBAY
0
0
0
0
0
0
0
O
0
0
0
0
0
O
2.3040E+05
7 25
8 23
8 23
9 24
1.7280E+05
17 15 16 17 18
2.8800E+04
18 11 12 13 14
5.7600E+04
19 19 20 21 22
5.7600E+04
20 23 24 25 26
5.7600E+04
BEAM SPAN LOADING PATTERNS
ID NCON W1/LI W2/L2 W3/L3 W4/L4
1 0 0.00560 0.00000 0.00000 0.00000
0.000 0.000 0.000 0.000
2 0 0.00280 0.00000 0.00000 0.00000
0.000 0.000 0.000 0.000
FLOOR LOADING PATTERNS
ID VERTICAL W
0.00049
0.00035
0.00000
LATERAL WX
0.00000
0.00000
0.00000
LATERAL WY
0.00000
0.00000
0.00000
INPUT AND/OR GENERATED JOINT DIAPHRAGM CONNECTIVITY
LEVEL 1 2 3 4 5 6 7 8 9 10 11 12 13 14
5
ROOF 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14
2 2 2 2 2 2 2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 3 3 3 3 3 3 3
4 4 4 4 4 4 4 4 4 4 4 4 4 4
5 5 5 5 5 5 5 5 5 5 5 5 5 5
6 6 6 6 6 6 6 6 6 6 6 6 6 6
8 8 8 8 8 8 8 8 8 8 8 8
0 0
0 0
0 0
0 0
0 0
0 0
LEVEL
STORYP
2
STORY4
STORY3.5
STORY3
5
STORY2
8 8STORY1
LEVEL
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
16 17 18 19 20 21 22 23 24 25 26
1 1 1 1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 3 3 3 3
4 4 4 4 4 4 4 4 4 4 4
5 5 5 5 5 5 5 5 5 5 5
6 6 6 6 6 6 6 6 6 6 6
8 8 8 8 8 8 8 8 8 8 8
INPUT AND/OR GENERATED JOINT SUPPORT TYPES
DATA FOR THIS OPTION IS ALL 0
INPUT AND/OR GENERATED COLUMN PROPERTY TYPES
LEVEL 1 2 3 4 5 6 7 8 9 10 11 12 13 14
ROOF 1 1 1 1 1 1 1 1 0 0 0 0 0 0
STORYP 1 1 1 1 1 1 1 1 0 0 0 0 0 0
STORY4
STORY3.5
STORY3
STORY2
0
STORY1
LEVEL
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
1 1 1 1 1 1 1 1 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 1 0 0 0 0
1 1 1 1 1 1 1 1 1 1 0 0 0 0
1 1 1 1 1 1 1 1 1 1 0 0 0 0
1 1 1 1 1 1 1 1 1 1 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26
0 0
0 0
0 0
0 0
0 0
0 0
0 0
INPUT AND/OR GENERATED COLUMN PINS (MAJOR/MINOR)
DATA FOR THIS OPTION IS ALL 0
INPUT AND/OR GENERATED BEAM PROPERTY TYPES
DATA FOR THIS OPTION IS ALL 0
INPUT AND/OR GENERATED BEAM PINS (MAJOR/MINOR)
DATA FOR THIS OPTION IS ALL 0
INPUT AND/OR GENERATED BEAM I-END FLEXIBILITY
DATA FOR THIS OPTION IS ALL 0
INPUT AND/OR GENERATED BEAM J-END FLEXIBILITY
DATA FOR THIS OPTION IS ALL 0
INPUT AND/OR GENERATED FLOOR PROPERTY ID*S
LEVEL 1 2 3 4 5 6 7 8 9 10 11 12 13 14
15
ROOF 1 1 1 0 0 1 1 1 1 1 1 1 1 1
0
STORYP 1 1 1 0 0 1 1 1 1 1 1 1 1 1
0
STORY4 1 1 1 0 0 1 1 1 1 1 1 1 1 1
0
STORY3.5 0 0 0 1 1 0 0 0 0 0 0 0 0 0
1
STORY3 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1
STORY2 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1
STORY1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1
LEVEL 16 17 18 19 20
ROOF 0 1 1 1 0
STORYP 0 0 0 0 0
STORY4 0 0 0 0 0
STORY3.5 1 0 0 0 1
STORY3 1 0 0 0 0
STORY2 1 0 0 0 0
STORY1 1 0 0 0 0
INPUT AND/OR GENERATED PANEL DATA
WALL LEVEL COLUMN COLUMN PROP PANEL PANEL
ID AT TOP AT I AT J ID LENGTH ID
1 ROOF 17 18 1 120.00 1
1 STORYP 17 18 1 120.00 2
1 STORY4 17 18 1 120.00 3
1 STORY3.5 17 18 1 120.00 4
1 STORY3 17 18 1 120.00 5
1 STORY2
INPUT AND/OR GENERATED PANEL DATA
WALL
ID
1
2
2
2
2
2
2
2
3
3
3
3
3
3
3
4
4
4
4
4
4
4
5
5
5
5
5
5
5
6
6
6
6
6
6
6
7
7
7
7
7
7
7
8
8
8
8
8
LEVEL
AT TOP
STORY1
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
ROOF
STORYP
STORY4
STORY3.5
STORY3
COLUMN
AT I
17
15
15
15
15
15
15
15
11
11
11
11
11
11
11
15
15
15
15
15
15
15
11
11
11
11
11
11
11
14
14
14
14
14
14
14
22
22
22
22
22
22
22
19
19
19
19
19
COLUMN
AT J
18
16
16
16
16
16
16
16
12
12
12
12
12
12
12
17
17
17
17
17
17
17
13
13
13
13
13
13
13
13
13
13
13
13
13
13
21
21
21
21
21
21
21
21
21
21
21
21
PROP
ID
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
PANEL
LENGTH
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
PANEL
ID
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
120.00
8 STORY2
INPUT AND/OR GENERATED PANEL DATA
WALL
ID
8
9
9
9
9
9
9
9
10
10
10
10
10
10
10
11
11
11
11
11
11
11
12
12
12
12
13
13
13
13
14
14
14
14
15
15
15
15
16
16
16
16
16
16
16
LEVEL
AT TOP
STORY1
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
STORY3.5
STORY3
STORY2
STORY1
STORY3.5
STORY3
STORY2
STORY1
STORY3.5
STORY3
STORY2
STORY1
STORY3.5
STORY3
STORY2
STORY1
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
COLUMN
AT I
19
20
20
20
20
20
20
20
18
18
18
18
18
18
18
22
22
22
22
22
22
22
24
24
24
24
26
26
26
26
26
26
26
26
25
25
25
25
14
14
14
14
14
14
14
COLUMN
AT J
21
19
19
19
19
19
19
19
16
16
16
16
16
16
16
20
20
20
20
20
20
20
23
23
23
23
24
24
24
24
25
25
25
25
23
23
23
23
12
12
12
12
12
12
12
PROP
ID
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
PANEL
LENGTH
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
240.00
PANEL
ID
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
240.00
GENERATED
WALL
WALL
ID
AREA
1
1300.000
2
1300.000
3
2500.000
4
2500.000
5
2500.000
6
2500.000
7
2500.000
8
2500.000
9
2500.000
10
2500.000
11
2500.000
16
2500.000
1
1300.000
2
1300.000
3
2500.000
4
2500.000
5
2500.000
6
2500.000
7
2500.000
8
2500.000
9
2500.000
10
2500.000
11
2500.000
16
2500.000
WALL ASSEMBLAGE DATA
STORY NUMBER OF
LEVEL PANELS
ROOF 1
ROOF 1
ROOF 1
ROOF 1
ROOF 1
ROOF 1
ROOF 1
ROOF 1
ROOF 1
ROOF 1
ROOF 1
ROOF 1
STORYP 1
STORYP 1
STORYP 1
STORYP 1
STORYP 1
STORYP 1
STORYP 1
STORYP 1
STORYP 1
STORYP 1
STORYP 1
STORYP 1
PANEL ID
FOR AXIS
1
8
15
22
29
36
43
50
57
64
71
94
2
9
16
23
30
37
44
51
58
65
72
95
WALL-CG
X-ORD
-600.000
-600.000
-1500.000
-660.000
-1620.000
-1500.000
300.000
180.000
300.000
-540.000
420.000
-1380.000
-600.000
-600.000
-1500.000
-660.000
-1620.000
-1500.000
300.000
180.000
300.000
-540.000
420.000
-1380.000
WALL-CG
Y-ORD
-120.000
120.000
120.000
0.000
0.000
-120.000
-120.000
0.000
120.000
0.000
0.000
0.000
-120.000
120.000
120.000
0.000
0.000
-120.000
-120.000
0.000
120.000
0.000
0.000
0.000
1
1300.000
2
1300.000
3
2500.000
4
2500.000
5
2500.000
6
2500.000
7
2500.000
8
2500.000
9
2500.000
10
2500.000
11
2500.000
16
2500.000
1
1300.000
2
1300.000
3
2500.000
4
2500.000
5
2500.000
6
2500.000
7
2500.000
8
2500.000
9
2500.000
10
2500.000
11
2500.000
12
2500.000
13
2500.000
STORY4
STORY4
STORY4
STORY4
STORY4
STORY4
STORY4
STORY4
STORY4
STORY4
STORY4
STORY4
STORY3.5
STORY3.5
STORY3.5
STORY3.5
STORY3.5
STORY3.5
STORY3.5
STORY3.5
STORY3.5
STORY3.5
STORY3.5
STORY3.5
STORY3.5
-600.000
-600.000
-1500.000
-660.000
-1620.000
-1500.000
300.000
180.000
300.000
-540.000
420.000
-1380.000
-600.000
-600.000
-1500.000
-660.000
-1620.000
-1500.000
300.000
180.000
300.000
-540.000
420.000
1500.000
1620.000
-120.000
120.000
120.000
0.000
0.000
-120.000
-120.000
0.000
120.000
0.000
0.000
0.000
-120.000
120.000
120.000
0.000
0.000
-120.000
-120.000
0.000
120.000
0.000
0.000
120.000
0.000
GENERATED
WALL
WALL
ID
AREA
14
2500.000
15
2500.000
16
2500.000
1
1300.000
2
1300.000
3
2500.000
4
2500.000
5
2500.000
6
2500.000
7
2500.000
8
2500.000
9
2500.000
10
2500.000
11
2500.000
12
2500.000
13
2500.000
14
2500.000
15
2500.000
16
2500.000
1
1300.000
2
1300.000
3
2500.000
4
2500.000
5
2500.000
WALL ASSEMBLAGE DATA
STORY NUMBER OF
LEVEL PANELS
STORY3.5 1
STORY3.5 1
STORY3.5 1
STORY3 1
STORY3 1
STORY3 1
STORY3 1
STORY3 1
STORY3 1
STORY3 1
STORY3 1
STORY3 1
STORY3 1
STORY3 1
STORY3 1
STORY3 1
STORY3 1
STORY3 1
STORY3 1
STORY2 1
STORY2 1
STORY2 1
STORY2 1
STORY2 1
PANEL ID
FOR AXIS
86
90
97
5
12
19
26
33
40
47
54
61
68
75
79
83
87
91
98
6
13
20
27
34
WALL-CG
X-ORD
1500.000
1380.000
-1380.000
-600.000
-600.000
-1500.000
-660.000
-1620.000
-1500.000
300.000
180.000
300.000
-540.000
420.000
1500.000
1620.000
1500.000
1380.000
-1380.000
-600.000
-600.000
-1500.000
-660.000
-1620.000
WALL-CG
Y-ORD
-120.000
0.000
0.000
-120.000
120.000
120.000
0.000
0.000
-120.000
-120.000
0.000
120.000
0.000
0.000
120.000
0.000
-120.000
0.000
0.000
-120.000
120.000
120.000
0.000
0.000
6
2500.000
7
2500.000
8
2500.000
9
2500.000
10
2500.000
11
2500.000
12
2500.000
13
2500.000
14
2500.000
15
2500.000
16
2500.000
1
1300.000
2
1300.000
3
2500.000
4
2500.000
5
2500.000
6
2500.000
7
2500.000
8
2500.000
9
2500.000
10
2500.000
11
2500.000
12
2500.000
13
2500.000
14
2500.000
STORY2
STORY2
STORY2
STORY2
STORY2
STORY2
STORY2
STORY2
STORY2
STORY2
STORY2
STORY1
STORY1
STORY1
STORY1
STORY1
STORY1
STORY1
STORY1
STORY1
STORY1
STORY1
STORY1
STORY1
STORY1
-1500.000
300.000
180.000
300.000
-540.000
420.000
1500.000
1620.000
1500.000
1380.000
-1380.000
-600.000
-600.000
-1500.000
-660.000
-1620.000
-1500.000
300.000
180.000
300.000
-540.000
420.000
1500.000
1620.000
1500.000
-120.000
-120.000
0.000
120.000
0.000
0.000
120.000
0.000
-120.000
0.000
0.000
-120.000
120.000
120.000
0.000
0.000
-120.000
-120.000
0.000
120.000
0.000
0.000
120.000
0.000
-120.000
GENERATED WALL ASSEMBLAGE DATA
WALL STORY NUMBER OF PANEL ID WALL-CG WALL-CG
WALL
ID LEVEL PANELS FOR AXIS X-ORD Y-ORD
AREA
15 STORY1 1 93 1380.000 0.000
2500.000
16 STORY1 1 100 -1380.000 0.000
2500.000
INPUT AND/OR GENERATED BEAM LOADS ... LOAD CONDITION I
DATA FOR THIS OPTION IS ALL 0
INPUT AND/OR GENERATED BEAM LOADS ... LOAD CONDITION II
DATA FOR THIS OPTION IS ALL 0
INPUT AND/OR GENERATED BEAM LOADS ... LOAD CONDITION III
DATA FOR THIS OPTION IS ALL 0
INPUT AND/OR GENERATED FLOOR LOADS ... LOAD CONDITION I
DATA FOR THIS OPTION IS ALL 0
INPUT AND/OR GENERATED FLOOR LOADS ... LOAD CONDITION II
LEVEL 1 2 3 4 5 6 7 8 9 10 11 12 13 14
15
ROOF 2 2 2 0 0 2 2 2 2 2 2 2 2 2
0
STORYP 1 1 1 0 0 1 1 1 1 1 1 1 1 1
0
STORY4 1 1 1 0 0 1 1 1 1 1 1 1 1 1
0
STORY3.5 0 0 0 2 2 0 0 0 0 0 0 0 0 0
2
STORY3 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1
STORY2 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1
STORY1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1
LEVEL 16 17 18 19 20
ROOF 0 0 2 2 0
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
INPUT AND/OR GENERATED FLOOR LOADS ... LOAD CONDITION III
DATA FOR THIS OPTION IS ALL 0
INPUT AND/OR GENERATED FLOOR LOADS ... LOAD CONDITION A
DATA FOR THIS OPTION IS ALL 0
INPUT AND/OR GENERATED FLOOR LOADS ... LOAD CONDITION B
DATA FOR THIS OPTION IS ALL 0
INPUT AND/OR GENERATED FLOOR LOADS ... LOAD CONDITION C
DATA FOR THIS OPTION IS ALL 0
SUMMATION OF FRAME LOADING (VERTICAL DOWNWARDS)
LEVEL
ID
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
BASELINE
/---------------------LOAD CONDITIONS-----------------------/
I II III A B C
2810.98 745.92 0.00 0.00 0.00 0.00
3008.29 987.84 0.00 0.00 0.00 0.00
3008.29 987.84 0.00 0.00 0.00 0.00
1484.91 302.40 0.00 0.00 0.00 0.00
4176.28 1382.98 0.00 0.00 0.00 0.00
4425.11 1382.98 0.00 0.00 0.00 0.00
4425.11 1382.98 0.00 0.00 0.00 0.00
497.66 0.00 0.00 0.00 0.00 0.00
TOTALS 0.238E+05 0.717E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SUMMATION OF FRAME LOADING (LATERAL-X)
/---------------------LOAD CONDITIONS--
I II III A
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
------------ /
B
0.00
0.00
0.00
0.00
0.00
0.00
0.00
C
0.00
0.00
0.00
0.00
0.00
0.00
0.00
LEVEL
ID
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
0.00 0.00 0.00
TOTALS 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SUMMATION OF FRAME LOADING (LATERAL-Y)
LEVEL /---------------------LOAD CONDITIONS--------------------/
ID
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
BASELINE
I
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
II
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
III
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
A
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
B
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
C
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
TOTALS 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SUMMATION OF FRAME ELEMENT WEIGHTS
LEVEL /---------
ID
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
BASELINE
COLUMN
42.409
127.226
127.226
95.420
159.033
212.044
212.044
106.022
--------- ELEMENT TYPE-----------------/
BEAM BRACE PANEL FLOOR
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
143.741
431.222
431.222
339.562
587.462
783.283
783.283
391.642
2624.832
2449.843
2449.843
1049.933
3429.780
3429.780
3429.780
0.000
TOTALS 0.108E+04 0.000E+00 0.000E+00 0.389E+04 0.189E+05
SUMMATION OF FRAME ELEMENT MASSES
LEVEL
ID
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
BASELINE
-------- ELEMENT TYPE----
COLUMN
0.110
0.329
0.329
0.247
0.412
0.549
0.549
0.274
BEAM
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
BRACE
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
PANEL
0.372
1.116
1.116
0.879
1.520
2.027
2.027
1.014
FLOOR
6.793
6.340
6.340
2.717
8.876
8.876
8.876
0.000
TOTALS 0.280E+01 0.000E+00 0.000E+00 0.101E+02 0.488E+02
BASELINE 0.00 0.00 0.00
FRAME POSITION DATA
FRAME FRAME /----FRAME ORIENTATION----/ /--------FRAME HEADING------
COUNT ID X-ORD
1 1 0.00
DIAPHRAGM MASS DATA
RESULTANTS OF STORY &
Y-ORD ANGLE
0.00 0.000
TRIBUTARY ELEMENT MASSES
STORY
LEVEL
ROOF
STORYP
STORY4
DIAPHRAGM
NUMBER
DIAPHRAGM
MASS
DIAPHRAGM
MMI
1 13.107 0.1112E+08
2 13.617 0.1156E+08
3 13.617 0.1156E+08
STORY3.5
6.176 0.5510E+07
STORY3
5 18.973 0.2986E+08
STORY2
6 19.617 0.3084E+08
STORY1
8 19.617 0.3084E+08
STATIC SEISMIC LOAD CALCULATION DATA .
UNIFORM BUILDING CODE 1994
UBC ZONE FACTOR (Z)--------------------------
UBC IMPORTANCE FACTOR (I)--------------------
UBC SITE COEFFICIENT (S)-------------------
LOAD CONDITION A (X-DIRECTION)
PERIOD OF PREDOMINANT X STRUCTURAL MODE-----
UBC (METHOD A) PERIOD FOR X DIRECTION--------
UBC STRUCTURAL SYSTEM COEFFICIENT (RW)-------
TOP LEVEL OF TRIANGULAR DISTRIBUTION-----
BOTTOM LEVEL OF TRIANGULAR DISTRIBUTION-----
LOAD CONDITION B (Y-DIRECTION)
PERIOD OF PREDOMINANT Y STRUCTURAL MODE-----
UBC (METHOD A) PERIOD FOR Y DIRECTION-------
UBC STRUCTURAL SYSTEM COEFFICIENT (RW)-------
TOP LEVEL OF TRIANGULAR DISTRIBUTION -----
BOTTOM LEVEL OF TRIANGULAR DISTRIBUTION-----
ADDITIONAL STORY ECCENTRICITIES .
DIAPHRAGM
X-M
-600.00
-600.00
-600.00
1175.03
-4.63
-5.97
-5.97
0.15
1.00
2.00
0.000
0.000
5.000
ROOF
BASELINE
0.000
0.000
5.000
ROOF
BASELINE
DIAPHRAGM
Y-M
0.00
0.00
0.00
0.00
0.00
0.00
0.00
LEVEL
ROOF
STORYP
STORY4
STORY3.5
STORY3
STORY2
STORY1
EYA
0.00
0.00
0.00
0.00
0.00
0.00
0.00
EXB
0.00
0.00
0.00
0.00
0.00
0.00
0.00
LOAD CASE DEFINITION DATA
LOAD LTYP I II III C Dl
D2
1 0 1.000 1.000 0.000 0.000 0.000 0.000 0.000
0.000
2 0 1.000 1.000 0.000 1.000 0.000 0.000 0.000
0.000
FOR DYNAMICS BY THE RESPONSE SPECTRUM METHOD
DYNAMIC 1 .. . SPECTRAL DIRECTION 1
DYNAMIC 2 . . . SPECTRAL DIRECTION 2
FOR DYNAMICS BY THE TIME HISTORY METHOD
DYNAMIC 1 . . . TIME HISTORY MODAL ANALYSIS
DYNAMIC 2 . .. NOT USED
Floor Bay Locations
I?
Column Line Locations
Beam Line Locations
i
ii
Location of Panels
Location of Panels
Appendix B: ETABS Graphical Output
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Appendix C: SAP2000 Input
SAP2000
Structural Analysis Programs
Version 6.11
Copyright (C) 1978-1997
COMPUTERS AND STRUCTURES, INC.
All rights reserved
results produced by this program
1 Apr 1998 02:58:50
C S I / S A P 2 0 0 0 - FINITE ELEMENT ANALYSIS OF STRUCTURES
PROGRAM:SAP2000/FILE:\casandra\floor.EKO
SY STEM DATA
STEADY STATE LOAD FREQUENCY
LENGTH UNITS - - - - - - - -
FORCE UNITS - - - - - - - -
UP DIRECTION - - - - - - - -
0.0000E+00
IN
KIP
GLOBAL DEGREES OF FREEDOM
PAGINATION BY
NUMBER OF LINES PER PAGE -
INCLUDE WARNING MESSAGES IN OUTPUT FILE
GENERATED JOINT COORDINATES
JOINT
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
X
120.000
-72.000
-24.000
24.000
72.000
120.000
120.000
120.000
120.000
120.000
120.000
72.000
24.000
-24.000
-72.000
-120.000
Y
120.000
120.000
120.000
120.000
120.000
120.000
72.000
24.000
-24.000
-72.000
-120.000
-120.000
-120.000
-120.000
-120.000
-120.000
Z
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
LINES
56
Y
17 -120.000 -72.000 0.000
18 -120.000 -24.000 0.000
19 -120.000 24.000 0.000
20 -120.000 72.000 0.000
21 -360.000 600.000 0.000
22 -360.000 -600.000 0.000
23 360.000 -600.000 0.000
24 360.000 600.000 0.000
25 -264.000 600.000 0.000
26 -360.000 504.000 0.000
27 -24.000 -600.000 0.000
28 24.000 -600.000 0.000
29 -24.000 600.000 0.000
30 24.000 600.000 0.000
31 264.000 600.000 0.000
33 360.000 504.000 0.000
34 264.000 -600.000 0.000
35 360.000 -504.000 0.000
36 -264.000 -600.000 0.000
37 -360.000 -504.000 0.000
38 -168.000 -600.000 0.000
39 -72.000 -600.000 0.000
40 168.000 -600.000 0.000
41 72.000 -600.000 0.000
42 168.000 600.000 0.000
43 72.000 600.000 0.000
44 -168.000 600.000 0.000
45 -72.000 600.000 0.000
46 -360.000 408.000 0.000
47 -360.000 312.000 0.000
48 -360.000 -408.000 0.000
49 -360.000 -312.000 0.000
50 -360.000 -216.000 0.000
GENERATED JOINT COORDINATES
JOINT X Y Z
51 -360.000 216.000 0.000
52 -360.000 120.000 0.000
53 -360.000 -120.000 0.000
54 -360.000 -24.000 0.000
55 -360.000 24.000 0.000
56 360.000 24.000 0.000
57 360.000 -24.000 0.000
58 360.000 -360.000 0.000
59 360.000 -264.000 0.000
61 360.000 -72.000 0.000
62 360.000 72.000 0.000
63 360.000 168.000 0.000
64 360.000 408.000 0.000
65 360.000 264.000 0.000
66 360.000 -168.000 0.000
PATTERNS
PATTERN
DEFAULT
JOINT
RESTRAINT
JOINT
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
CONSTRAINT
CONSTR TYPE CSYS AXIS
DIAPH1 DIAPH
CONSTRAINT
CONSTR
DIAPHI
DEGREES OF FREEDOM
0 Z
DATA
JOINTS
25 26 27 28 29 30 31
34 35 36 37 38 39 40
42 43 44 45 46 47 48
50 51 52 53 54 55 56
58 59 61 62 63 64 65
VALUE
DATA
DATA
JOINT MASSES
JOINT
R3
1 0.270E-05 0.000E+00 0.000E+00 0.000E+00 0.000E+00
0.000E+00
MATERIAL
MAT NUMBER
LABEL
STEEL
CONC
OTHER
TEMPS
PROPERTY
WEIGHT PER
UNIT VOL
1 0.2830E-03
1 0.8680E-04
1 0.8680E-04
DATA
MASS PER DESIGN
UNIT VOL
0.7324E-06
0.2246E-06
0.2246E-06
CODE
TEMPERATURE
MATERIAL PROPERTIES
DEPENDENT DATA
TEMP MODULUS OF ELASTICITY SHEAR
G12 G13
0.00 0.290E+05 0.290E+05 0.290E+05 0.112E+05 0.112E+05
0.00 0.480E+04 0.480E+04 0.480E+04 0.200E+04 0.200E+04
OTHER 0.00 0.360E+04 0.360E+04 0.360E+04 0.150E+04 0.150E+04
0.150E+04
C S I / S A P 2 0 0 0 - FINITE ELEMENT ANALYSIS OF STRUCTURES
TEMPERATURE DEPENDENT DATA
THERMAL EXPANSION COEFFICIENTS
TEMP COEFFICIENTS OF THERMAL EXPANSION
A12 A13
0.00 0.650E-05 0.650E-05 0.650E-05 0.000E+00 0.000E+00
0.00 0.550E-05 0.550E-05 0.550E-05 0.000E+00 0.000E+00
0.00 0.550E-05 0.550E-05 0.550E-05 0.000E+00 0.000E+00
MAT
MODULII
LABEL
G23
STEEL
0.112E+05
CONC
0.200E+04
MAT
LABEL
A23
STEEL
0. 000E+00
CONC
0. 000E+00
OTHER
0. 000E+00
TEMPERATURE DEPENDENT DATA
MATERIAL PROPERTIES
MAT
LABEL
U36 U46 U56
STEEL
0.0 0.0 0.0
CONC
0.0 0.0 0.0
OTHER
0.0 0.0 0.0
TEMP POISSONS RATIO
U12 U13 U23 U14 U24 U34 U15 U25 U35 U45 U16 U26
0.00 0.3 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.00 0.2 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.00 0.2 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MATERIAL PROPERTIES
MAT
LABEL
CONC
TEMP
0.00
FRAME SECTION
AT IC
PROPERTY DATA - PRISM
SECTION
FLANGE
LABEL
SHAPE DEPTH FLANGE FLANGE WEB
FLANGE
TYPE
WIDTH THICK
BOTTOM BOTTOM
WIDTH THICK THICK
TOP TOP
R 14.000 12.000
FRAME
AT IC
SECTION
AREAS
LABEL
SECTION
AXIAL TORSIONAL
AREA CONSTANT
PROPERTY DATA - PRISM
MOMENTS OF INERTIA
133 122
FSEC1 0.168E+03 0.391E+04 0.274E+04 0.202E+04 0.140E+03
0.140E+03
FRAME
AT IC
SECTION
LABEL LABEL
SECTION PROPERTY DATA
MAT ADDITIONAL ADDITIONAL
MASS PER WEIGHT PER
LENGTH LENGTH
FSEC1 CONC 0.000E+00
YIELD
FY
36.00
FSEC1
SHEAR
A2
PRISM
0.000E+00
FRAME ELEMENT T
ELEMENT END-OFFSET-LENGTHS RIGID-ENDELEMENT
NUMBER OF
LABEL
SEGMENTS
1
END-J FACTOR
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
JOINT
END-I
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
1
16
11
6
JOINT
END-J
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
1
21
22
23
24
LENGTH
48.000
48.000
48.000
48.000
48.000
48.000
48.000
48.000
48.000
48.000
48.000
48.000
48.000
48.000
48.000
48.000
48.000
48.000
48.000
48.000
536.656
536.656
536.656
536.656
END-I
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
D A T A
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
FRAME ELEMEN
ELEMENT JOINT JOINT
NUMBER OF
LABEL END-I END-J
SEGMENTS
501.135
452.831
480.000
480.000
480.000
480.000
501.135
452.831
501.135
452.831
501.135
452.831
489.506
480.000
489.506
480.000
489.506
480.000
489.506
480.000
412.912
339.411
412.912
DATA
ELEMENT
LENGTH
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
END-OFFSET-LENGTHS RIGID-END
END-I END-J FACTOR
49 17 49 339.411
307.350
307.350
258.488
258.488
240.000
240.000
240.000
240.000
374.892
307.350
244.753
244.753
279.886
412.912
307.350
279.886
96.000
96.000
96.000
96.000
96.000
96.000
48.000
96.000
96.000
96.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0 000 0.000 0.0000
FRAME ELEMEN
ELEMENT JOINT JOINT
NUMBER OF
LABEL END-I END-J
SEGMENTS
97
4
98
4
99
4
96.000
96.000
96.000
96.000
96.000
96.000
48.000
48.000
48.000
96.000
96.000
96.000
96.000
144.000
96.000
96.000
96.000
48.000
48.000
48.000
DATA
ELEMENT
LENGTH
96.000
96.000
144.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
END-OFFSET-LENGTHS
END-I END-J
0.000
0.000
0.000
0.000
0.000
0.000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
RIGID-END
FACTOR
0.0000
0.0000
0.0000
64 33 96.000 0.000100
101
102
103
104
105
106
107
108
109
110
FRAME ELEMENT
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000 0.0000
0.000 0.0000
0.000 0.0000
0.000 0.0000
0.000 0.0000
0.000 0.0000
0.000 0.0000
0.000 0.0000
0.000 0.0000
0.000 0.0000
0.000 0.0000
DATA
ELEMENT SECTION
LABEL LABEL
LOCAL COORD PLN PLN
PLANE SYSTEM 1ST 2ND
FSEC1
FSEC1
FSEC1
FSEC1
FSEC1
FSECI
FSECI
FSEC1
FSEC1
FSEC1
FSEC1
FSEC1
FSEC1
FSEC1
FSEC1
FSEC1
FSEC1
FSEC1
FSECI
FSECI
FSEC1
FSEC1
FSECI
FSECI
FSEC1
FSECI
FSECI
33 24 96.000
24 31 96.000
31 42 96.000
42 43 96.000
43 30 48.000
30 29 48.000
29 45 48.000
45 44 96.000
44 25 96.000
25 21 96.000
PLANE
JOINTA
PLANE
JOINTB
COORD
ANGLE
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
28 FSEC1 12 0 +Z +X 0 0 0.00
29 FSEC1 12 0 +Z +X 0 0 0.00
30 FSECI 12 0 +Z +X 0 0 0.00
31 FSEC1 12 0 +Z +X 0 0 0.00
33 FSEC1 12 0 +Z +X 0 0 0.00
34 FSEC1 12 0 +Z +X 0 0 0.00
35 FSEC1 12 0 +Z +X 0 0 0.00
36 FSECI 12 0 +Z +X 0 0 0.00
37 FSECI 12 0 +Z +X 0 0 0.00
38 FSEC1 12 0 +Z +X 0 0 0.00
39 FSEC1 12 0 +Z +X 0 0 0.00
40 FSEC1 12 0 +Z +X 0 0 0.00
41 FSECI 12 0 +Z +X 0 0 0.00
42 FSEC1 12 0 +Z +X 0 0 0.00
43 FSEC1 12 0 +Z +X 0 0 0.00
44 FSEC1 12 0 +Z +X 0 0 0.00
45 FSECI 12 0 +Z +X 0 0 0.00
46 FSECI 12 0 +Z +X 0 0 0.00
47 FSECI 12 0 +Z +X 0 0 0.00
48 FSEC1 12 0 +Z +X 0 0 0.00
FRAME ELEMENT DATA
ELEMENT SECTION LOCAL COORD PLN PLN PLANE PLANE COORD
LABEL LABEL PLANE SYSTEM 1ST 2ND JOINTA JOINTB ANGLE
49 FSEC1 12 0 +Z +X 0 0 0.00
50 FSEC1 12 0 +Z +X 0 0 0.00
51 FSEC1 12 0 +Z +X 0 0 0.00
52 FSEC1 12 0 +Z +X 0 0 0.00
53 FSEC1 12 0 +Z +X 0 0 0.00
54 FSECI 12 0 +Z +X 0 0 0.00
55 FSEC1 12 0 +Z +X 0 0 0.00
56 FSEC1 12 0 +Z +X 0 0 0.00
57 FSEC1 12 0 +Z +X 0 0 0.00
58 FSEC1 12 0 +Z +X 0 0 0.00
59 FSEC1 12 0 +Z +X 0 0 0.00
61 FSECI 12 0 +Z +X 0 0 0.00
62 FSEC1 12 0 +Z +X 0 0 0.00
63 FSEC1 12 0 +Z +X 0 0 0.00
64 FSECI 12 0 +Z +X 0 0 0.00
65 FSECI 12 0 +Z +X 0 0 0.00
66 FSEC1 12 0 +Z +X 0 0 0.00
67 FSEC1 12 0 +Z +X 0 0 0.00
68 FSEC1 12 0 +Z +X 0 0 0.00
69 FSEC1 12 0 +Z +X 0 0 0.00
70 FSEC1 12 0 +Z +X 0 0 0.00
71 FSEC1 12 0 +Z +X 0 0 0.00
72 FSEC1 12 0 +Z +X 0 0 0.00
73 FSEC1 12 0 +Z +X 0 0 0.00
74 FSEC1 12 0 +Z +X 0 0 0.00
75 FSEC1 12 0 +Z +X 0 0 0.00
76 FSECI 12 0 +Z +X 0 0 0.00
77 FSEC1 12 0 +Z +X 0 0 0.00
78 FSEC1 12 0 +Z +X 0 0 0.00
79 FSEC1
80 FSEC1
81 FSEC1
82 FSEC1
83 FSECi
84 FSEC1
85 FSEC1
86 FSECI
87 FSECI
88 FSEC1
89 FSEC1
90 FSECI
91 FSEC1
92 FSEC1
93 FSEC1
94 FSECI
95 FSEC1
96 FSEC1
FRAME EL
ELEMENT SECTION
LABEL LABEL
97
98
99
100
101
102
103
104
105
106
107
108
109
110
EMENT
0 +Z
0 +Z
0 +Z
0 +Z
0 +Z
0 +Z
0 +Z
0 +Z
0 +Z
0 +Z
0 +Z
0 +Z
0 +Z
0 +Z
0 +Z
0 +Z
0 +Z
0 +Z
DATA
LOCAL COORD PLN PLN
PLANE SYSTEM 1ST 2ND
FSEC1
FSEC1
FSEC1
FSEC1
FSECI
FSEC1
FSEC1
FSECI
FSEC1
FSEC1
FSEC1
FSECI
FSEC1
FSEC1
TOTAL WEIGHTS
SECTION
LABEL
FSECI
TOTAL
WEIGHT
329.6879
329.6879
LOAD CONDITION
AND MASSES
MASS
0.8531
0.8531
LOAD1
SELF-WEIGHT MULTIPLIER FOR ENTIRE STRUCTURE = 0.1000E+01
LOAD CONDITION LOAD2
SELF-WEIGHT MULTIPLIER FOR ENTIRE STRUCTURE = 0.0000E+00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
COORD
ANGLE
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
PLANE
JOINTA
PLANE
JOINTB
DISTRIBUTED SPAN LOADS ON FRAME ELEMENTS
DISTANCE DISTANCE
DOF AT START
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0.000E+00
0.000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
FORCE
AT END AT START
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0.100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0.125E-01
0.125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0.125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0.125E-01
0. 125E-01
0.125E-01
FORCE MOMENT
AT END AT START
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0.125E-01
0.125E-01
0.125E-01
0. 125E-01
0. 125E-01
0.125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0.125E-01
0.125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0.125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0.125E-01
0. 125E-01
0.125E-01
0. 125E-01
LOAD CONDITION LOAD2
DISTRIBUTED SPAN LOADS ON FRAME ELEMENTS
ELEMENT LOC DISTANCE
MOMENT
LABEL DOF AT START
AT END
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
DISTANCE FORCE
AT END AT START
0. 100E+01
0. 100E+01
0. 100E+01
0.100E+01
0. 100E+01
0. 100E+01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0.125E-01
0. 125E-01
FORCE MOMENT
AT END AT START
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0.125E-01
0. 125E-01
LOCELEMENT
MOMENT
LABEL
AT END
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
LOAD CONDITION
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0.125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 792E-01
0. 792E-01
0. 792E-01
0. 792E-01
0.792E-01
0.792E-01
0. 792E-01
0. 792E-01
0. 792E-01
0. 792E-01
0.792E-01
0. 792E-01
LOAD2
DISTRIBUTED SPAN LOADS ON FRAME ELEMENTS
ELEMENT LOC DISTANCE DISTANCE
MOMENT
LABEL DOF AT START AT END
AT END
0. 000E+00
0 .000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
0. 100E+01
FORCE
AT START
0.792E-01
0.125E-01
0.125E-01
0.125E-01
0.125E-01
0.125E-01
FORCE MOMENT
AT END AT START
0. 792E-01
0.125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0.125E-01
0. 125E-01
0.125E-01
0.125E-01
0. 125E-01
0. 125E-01
0.125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0.125E-01
0. 125E-01
0. 125E-01
0.125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0. 125E-01
0.125E-01
0.125E-01
0. 792E-01
0.792E-01
0.792E-01
0. 792E-01
0. 792E-01
0. 792E-01
0.792E-01
0. 792E-01
0.792E-01
0.792E-01
0.792E-01
0. 792E-01
85 U2 0.000E+00 0.100E+01 0.125E-01 0.125E-01
86 U2 0.000E+00 0.100E+01 0.125E-01 0.125E-01
87 U2 0.000E+00 0.100E+01 0.125E-01 0.125E-01
88 U2 0.000E+00 0.100E+01 0.125E-01 0.125E-01
89 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
90 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
91 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
92 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
93 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
94 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
95 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
96 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
97 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
98 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
99 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
100 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
101 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
102 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
103 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
104 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
105 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
106 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
107 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
108 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
109 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
110 U2 0.000E+00 0.100E+01 0.792E-01 0.792E-01
PRESTRESS DATA
ELEMENT DI DC DJ TENSION
1 2.00 -2.00 2.00 450.00
2 2.00 -2.00 2.00 450.00
3 2.00 -2.00 2.00 450.00
4 2.00 -2.00 2.00 450.00
5 2.00 -2.00 2.00 450.00
6 2.00 -2.00 2.00 450.00
7 2.00 -2.00 2.00 450.00
8 2.00 -2.00 2.00 450.00
9 2.00 -2.00 2.00 450.00
10 2.00 -2.00 2.00 450.00
11 2.00 -2.00 2.00 450.00
12 2.00 -2.00 2.00 450.00
13 2.00 -2.00 2.00 450.00
14 2.00 -2.00 2.00 450.00
15 2.00 -2.00 2.00 450.00
16 2.00 -2.00 2.00 450.00
17 2.00 -2.00 2.00 450.00
18 2.00 -2.00 2.00 450.00
19 2.00 -2.00 2.00 450.00
20 2.00 -2.00 2.00 450.00
21 2.00 -2.00 2.00 450.00
22 2.00 -2.00 2.00 450.00
23 2.00 -2.00 2.00 450.00
24 2.00 -2.00 2.00 450.00
25 2.00 -2.00 2.00 450.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
PRESTRESS
ELEMENT
51
52
53
54
55
56
57
58
59
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
DI
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
-2.00 2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
DATA
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
DJ
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
TENSION
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.0078 2.00
79 2.00
80 2.00
81 2.00
82 2.00
83 2.00
84 2.00
85 2.00
86 2.00
87 2.00
88 2.00
89 2.00
90 2.00
91 2.00
92 2.00
93 2.00
94 2.00
95 2.00
96 2.00
97 2.00
98 2.00
99 2.00
100 2.00
PRESTRESS D
ELEMENT DI
101 2.00
102 2.00
103 2.00
104 2.00
105 2.00
106 2.00
107 2.00
108 2.00
109 2.00
110 2.00
MODES DATA
NUMBER OF EIGENVALUES
EIGEN
EIGEN
EIGEN
CONVERGENCE TOLERANCE
CUTOFF FREQUENCY
FREQUENCY SHIFT
LOAD COMBINATION
COMBO LABEL
COMBO TYPE
0.1000E-04
0.0000E+00
0.0000E+00
MULTIPLIERS
DCON1
ADD
LOAD MODE
LABEL NUM
LOAD1
SPEC HIST MOVE
LABEL LABEL LABEL
COMBO SCALE
LABEL FACTOR
1.400
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
ATA
DC
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
-2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
DJ
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
TENSION
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
COMBO LABEL DCON2
COMBO TYPE ADD
LOAD MODE
LABEL NUM
LOAD1
LOAD2
INPUT COMPLETE
SPEC HIST MOVE COMBO
LABEL LABEL LABEL LABEL
SCALE
FACTOR
1.400
1.700
Appendix D: SAP2000 Graphical Output
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Deformed Shape
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